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(54) [Title of the Invention] THROWAWAY END MILL 

(57) [Abstract] 

[Construction] A throwaway end mill E for detachably 
attaching inserts A to B by two or more cutting edge lines , 
wherein the cutting insert B defining a short side cutting 
edge as an end cutting edge 4 and defining a long side 
cutting edge as a side cutting edge 5, and the cutting 
insert A defining a long side cutting edge as an end cutting 
edge 4 and defining a short cutting edge as a side cutting 
edge 5 are attached to the distal end of the end mill E, and 
the inserts in the same line (A and C, and B and D) are 
provided in the axial direction at intervals S, and the 
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intearval portions are arranged so as to be worked by the 
inserts of the other cutting edge line. 

[Advantages] The cutting efficiency is high, and a stress 
is sufficiently distributed since the cutting edges of the 
inserts A to D take part in cutting most efficiently, thus 
providing an excellent advantage of increasing the rigidity 
of the inserts A to D and a tool body. 



[Claim] 

[Claim 1] A throwaway end mill for detachably attaching 
parallelogram plate-like inserts having short sides and long 
sides to the outer periphery of a tool body by two or more 
cutting edge lines, wherein a cutting insert defining a 
short side cutting edge as an end cutting edge and defining 
a long side cutting edge as a side cutting edge, and a 
cutting insert defining a long side cutting edge as an end 
cutting edge and defining a short side cutting edge as a 
side cutting edge are attached to the distal end of an end 
mill, and the cutting inserts are provided in the axial 
direction at intervals in one cutting edge line, and the 
cutting inserts are arranged at positions corresponding to 
the intervals in the other cutting edge line. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention 
relates to throwaway end mills for detachably attaching 
cutting inserts to the outer periphery of a tool body, and 
more particularly, to a throw- away end mill which 
simultaneously performs cutting of a drilled bottom with an 
end cutting edge, and which improves cutting efficiency by 
contriving the alignment of the cutting inserts. 
[0002] 

[Description of the Related Arts] In throwaway end mills, a 



plate-like cutting insert having a cutting edge section is 
detachably attached to the outer periphery of the distal end 
of a tool body rotating about an axis . 

[0003] Fig. 2 shows a conventional throwaway end mill 20 
according to another embodiment which is constructed so as 
to attach thereto parallelogram plate-like cutting Inserts 
21 to 23 each having short sides and long sides, and the 
cutting Insert 21 directing a short side cutting edge toward 
the distal end and the cutting insert 22 directing a long 
side cutting edge toward the distal end are attached to the 
distal end of the tool. 

[0004] In addition, although such a tool is not usually 
provided with an end cutting edge , a throwaway end mill has 
been proposed in which cubic cutting inserts or 
parallelogram cutting Inserts having equal long sides are 
attached, and a cutting insert specially designed for an end 
cutting edge is attached to the distal end of the tool, as 
disclosed in Japanese Utility Model Unexamined Application 
Publication No. 60-53420. 
[0005] 

[Problems to be Solved by the Invention] The above 
conventional arts, however, encounter the following problems. 
[0006] That is, in the throwaway end mill (hereinafter, 
referred to as an end mill) 20 in which the cutting Insert 
21 directing the short side cutting edge toward the distal 
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end and the cutting insert 22 directing the long side 
cutting edge toward the distal end are attached to the 
distal end of the tool, as shown in Fig. 2, the cutting 
inserts 21 and 22 are not installed so that the cutting 
edges thereof are defined as end cutting edges. The cutting 
inserts 21 and 22 are installed merely in a protective 
meaning to prevent damage of the distal end of the tool at a 
bottom face of a hole or the like so that the cutting edges 
thereof are directed toward the distal end. 
[0007] In addition, in the conventional end mill 20, the 
two cutting inserts (hereinafter, referred to as inserts) 21 
and 23, each having a long side cutting edge provided along 
the axial direction, are provided in the reverse positions 
each other with almost no overlapping. Therefore, the two 
inserts act just like one insert. 

[0008] Therefore, although the three inserts 21 to 23 are 
attached, the cutting efficiency is low. Furthermore, since 
the cutting edge per unit length receives a great stress and 
the tip of the cutting edge is easily chipped and 
distribution of the stress is insufficient, an excessive 
stress may be applied to a specific part of the tool body. 
In addition, the rigidity of the tool body is not so high. 
[0009] Next, in the above conventional end mill in which 
the insert specially designed for the end cutting edge is 
attached to the distal end of the tool, a pocket for setting 
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therein the insert specially designed for the end cutting 
edge must be formed separately. For this reason, the 
rigidity of the distal end part is lowered. Furthermore, 
since the space for forming the pocket is limited, an axial 
rake or a radial rake for the insert specially designed for 
the end cutting edge cannot be freely set. 
[0010] 

[Object] The present invention is made to solve the 
problems of the conventional arts, and therefore, an object 
is to provide an end mill having an end cutting edge for 
cutting a drilled bottom which improves cutting efficiency, 
decreases a stress applied to a cutting edge of an insert 
per unit length, increases the strength of a tool body, and 
has working reliability. 
[0011] 

[Means for Solving the Problems] In order to solve the 
problems of the conventional arts , according to the present 
invention, there is provided a throwaway end mill for 
detachably attaching inserts by two or more cutting edge 
lines, wherein a cutting insert defining a short side 
cutting edge as an end cutting edge and a cutting insert 
defining a long side cutting edge as an end cutting edge are 
attached to the distal end of an end mill, and inserts are 
provided in the axial direction at intervals in one cutting 
edge line, and inserts are arranged at positions 
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corresponding to the intervals in the other cutting edge 

line . 

[0012] 

[Operation] In the end mill of the present invention 
constructed as described above, a long side cutting edge of 
one of two inserts attached to the distal end of the end 
mill is defined as an end cutting edge and a short side 
cutting edge is defined as a side cutting edge, and a short 
side cutting edge of the other one of insert is defined as 
an end cutting edge and a long side cutting edge is defined 
as a side cutting edge, whereby an end cutting edge for 
performing cutting of a drilled bottom without using an 
insert specially designed for the end cutting edge is formed. 
Therefore, the rigidity of the distal end of the end mill is 
high, and occurrence of chatter can be restricted. 
[0013] In addition, since the inserts in the same line are 
attached in the axial direction at intervals, and the 
interval portions are overlapped and arranged so as to be 
worked by the inserts of the other cutting edge line, many 
sections in a surface to be cut of a workpiece is cut by two 
or more cutting edges, whereby the cutting efficiency is 
improved. 

[0014] That is, in the end mill of the present invention, 
since cutting edges of the inserts efficiently take part in 
cutting, a stress is sufficiently distributed to the inserts 
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and the tool body, and therefore the rigidity of the inserts 

and the tool body is increased. 

[0015] 

[Embodiments] The embodiment of the present invention will 
be described below with reference to the drawings. Fig. 1 
shows an end mill E of this embodiment. In the end mill E, 
plate- like inserts A to D are detachably attached to the 
outer periphery of the distal end of a tool body rotating 
about an axis. 

[0016] Each of the inserts A to D attached to the end mill 
E has a planar shape of a parallelogram having short sides 
and long sides in which a cutting edge is formed on a ridge 
of an upper surface 1 and a seating surface is formed on a 
lower surface 2 so as to be fixed in a tip pocket 3 provided 
in the outer periphery of the tool body. The two inserts A 
and C are arranged on one of two cutting edge lines formed 
on the end mill E in the positional relationship of 90* in 
vertical and horizontal directions, and the two inserts B 
and D are arranged on the other cutting edge line while 
being directed to the substantially same direction. 
[0017] In addition, while the two inserts A and B in the 
inserts A to D are fixed to the distal end of the end mill E, 
a short side cutting edge of the insert B is defined as an 
end cutting edge 4 and a long side cutting edge is defined 
as a side cutting edge 5, and a long side cutting edge of 
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the insert A Is defined as an end cutting edge 4 and a short 
side cutting edge is defined as a side cutting edge 5, The 
remaining inserts B and D defining long side cutting edges 
as side cutting edges 5 are fixed in the axial direction at 
interval portions S on the rear side of the front side 
Inserts A and B, and the intervals are arranged so as to be 
worked by the inserts of the other cutting edge line. 
[0018] The end mill E constructed as descried above defines 
the long side cutting edge of the insert A fixed to the 
distal end as the end cutting edge 4, whereby cutting of the 
drilled bottom can be performed without using the insert 
specially designed for the end cutting edge. Therefore, the 
tip pocket, which should be separately formed in the 
conventional end mill in order to install the insert 
specially designed for the end cutting edge, should not be 
formed. Therefore, the rigidity of the distal end portion 
is secured, and chatter or the like is difficult to occur. 
[0019] In addition, the two inserts A and B fixed to the 
distal end use both the one long side cutting edge and one 
short side cutting edge for cutting, respectively, and the 
inserts in the same line (A and C, and B and D) are attached 
in the axial direction at intervals S, and the interval 
portions are arranged so as to be worked by the inserts in 
the other cutting edge line. Therefore, many sections in a 
surface to be cut of the workpiece are cut by two cutting 
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edges, whereby cutting efficiency is improved, and a stress 
received by a cutting edge per unit length is small and the 
stress is distributed, so that the rigidity of the inserts 
and the tool body is high. ^ 

[0020] Furthermore, according to this embodiment, since 
cutting of a drilled hole can be performed with the inserts 
A to D of the same shape, and different types of inserts 
need not be prepared, they are convenient to use. 
[0021] While the end mill E having two lines of cutting 
edges is described in the above embodiment , the present 
invention is not limited to such an end mill E, and may be 
an end mill having three or more lines of cutting edges , 
[0024] 

[Advantages] As described above, the end mill of the 
present invention forms the end cutting edge for performing 
cutting of a drilled bottom without using the insert 
specially designed for the end cutting edge. Therefore, the 
rigidity of the distal end of the end mill is high, and 
generation of chattering is restricted. 

[0023] In addition, since the inserts in the same line are 
attached in the axial direction at intervals, and the 
interval portions are overlapped and arranged so as to be 
worked by the inserts of the other cutting edge line, many 
sections in a surface to be cut of a workpiece is cut by two 
or more cutting edges, whereby the cutting efficiency is 
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improved . 

[0024] That is, according to the end mill of the present 
invention, since the cutting edges of the inserts 
efficiently take part in cutting, the end mill offers the 
following excellent advantages that the stress is 
sufficiently distributed and hence, the rigidity of the 
inserts and the tool body is increased. 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a side view of a throwaway end mill 
according to an embodiment of the present invention. 
[Fig. 2] Fig. 2 is a side view of a conventional throwaway 
end mill. 

[ Reference Numerals ] 
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(54) [Title of the Invention] THROWAWAY END MILL 

(57) [Abstract] 

[Object] To provide an end mill applicable to various 
operations in a throwaway end mill in which a first tip and 
a second tip serving as parallelogram positive tips are used, 
by increasing the strength and rigidity of a tool body and 
obtaining a cutting tool shape having a sharp cutting edge. 

[Construction] In a throwaway end mill in which a first 
tip and a second tip serving as parallelogram positive tips 
are used and the outer peripheral cutting edge is nearly 
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parallel to the axis, the firs tip is arranged at a distal 
end outer peripheral part so that the long side is an outer 
peripheral cutting edge, and the short side is an end 
cutting edge, the second tip which is in line symmetry and 
rotated in the opposite direction with respect to the first 
tip is arranged on about the 180 -degree opposite side of the 
first tip as viewed from the bottom face, and the second tip 
is constructed so as to be an inclined cutting edge in which 
the long side is an end cutting edge, the short side is an 
outer peripheral cutting edge, and the nose height is 
lowered from the end cutting edge -outer peripheral side at 
which the long side intersects the short side at an acute 
angle toward the end cutting edge -central axis side at which 
the long side intersects the short side at an obtuse angle 
as viewed from the tip side face. 
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[Claim] 

[Claim 1] A throwaway end mill in which a first tip and a 
second tip serving as parallelogram positive tips are used, 
and an outer peripheral cutting edge is nearly parallel to 
the axis, wherein the first tip is arranged at a distal end 
outer peripheral part so that a long side is an outer 
peripheral cutting edge and a short side is an end cutting 
edge; the second tip which is in line symmetry and is 
rotated in the opposite direction with respect to the first 
tip is arranged on about the 180 -degree opposite side of the 
first tip as viewed from the bottom face; and the second tip 
is an inclined cutting edge in which the long side is an end 
cutting edge and the short side is an outer peripheral 
cutting edge, and the nose height is lowered from the end 
cutting edge -outer peripheral side at which the long side 
intersects the short side at an acute angle toward the end 
cutting edge -central axis side at which the long side 
intersects the short side at an obtuse angle as viewed from 
the tip side face. 

[Claim 2] A throwaway end mill according to Claim 1, 
wherein a plurality of first tips are shifted in the axial 
direction and arranged subsequent to outer peripheral 
cutting edges of the first tip and the second tip. 
[Detailed Description of the Invention] 
[0001] 
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[Technical Field of the Invention] The present invention 
relates to throwaway-type end mills used as milling tools, 
more particularly, to an end mill with an end cutting edge 
capable of three-dimensional cutting. 
[0002] 

[Description of the Related Arts] In throwaway end mills, 
an end cutting edge serving as a cutting edge provided at 
the front of a tool extends to an axis of the end mill, and 
one example of the end mills is disclosed in Japanese 
Unexamined Patent Application Publication No. 8-323527. The 
above end mill is an end mill with an end cutting edge in 
which parallelogram tips having the same shape are used, an 
end cutting edge extending to the center of a tool diameter 
and a long side are defined as outer peripheral cutting 
edges, and the tips are shifted in the axial direction so as 
to increase the length of the cutting edge. Regarding the 
end cutting edge, a long side cutting edge of one of two 
tips attached to the distal end of the end mill is defined 
as an end cutting edge extending to the center of the tool 
diameter and a short side cutting edge is defined as an 
outer peripheral cutting edge, and a short side cutting edge 
of the other tip is defined as an end cutting edge and a 
long side cutting edge is defined as an outer peripheral 
cutting edge, whereby both the end cutting edge extending to 
the center of the tool diameter and the outer peripheral 
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cutting edge can be provided by one type of tip. Therefore, 

the tips are conveniently controlled and used. 

[0003] 

[Problems to be Solved by the Invention] In the above end 
mill, however, distal end corner parts of a tip, defining a 
short side cutting edge as an end cutting edge, and defining 
a long side cutting edge as an outer peripheral cutting edge 
in a shoulder-cutting operation or a groove-cutting 
operation, are easily chipped. This is because the cutting 
edges are arranged at the distal end portion in a manner 
shown in Fig. 1 as the tips of the same shape are used. 
That is, since the outer peripheral cutting edge has two 
cutting edges, a portion b of the outer peripheral cutting 
edge including the distal end corners that is damaged most 
readily takes twice the rate of feed as it is a single 
cutting edge, and is chipped more easily. For this reason, 
the thiclcness of the tip providing the distal end corner 
parts is increased for the purpose of . increasing the 
strength of the cutting edge. However, according to the 
fixed tip, i.e., the tip having a fixed nose height, a tip 
seat of the tool body should be worlced deeply by the amount 
of the thicJcness of the tip so that the cutting edge passes 
near the center of the tool diameter, causing a problem in 
that chatter is likely to occur due to a reduction in the 
rigidity of the tool body. 
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[0004] 

[Means for Solving the Problems] Therefore, according to 
the present invention, there is provided a throwaway end 
mill in which a first tip and a second tip serving as 
parallelogram positive tips are used, and an outer 
peripheral cutting edge is nearly parallel to the axis, 
wherein the first tip is arranged at a distal end outer 
peripheral part so that a long side is an outer peripheral 
cutting edge and a short side is an end cutting edge; the 
second tip which is in line symmetry and is rotated in the 
opposite direction with respect to the first tip is arranged 
on about the 180-degree opposite side of the first tip as 
viewed from the bottom face; and the second tip is an 
inclined cutting edge in which the long side is an end 
cutting edge and the short side is an outer peripheral 
cutting edge, and the nose height is lowered from the end 
cutting edge -outer peripheral side at which the long side 
intersects the short side at an acute angle toward the end 
cutting edge -central axis side at which the long side 
intersects the short side at an obtuse angle as viewed from 
the tip side face. 
[00Q5] 

[Operation] Firstly, the present invention is characterized 
in that the second tip forming the end cutting edge 
extending to the center of the tool dieuneter is rotated in 
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the opposite direction of the first tip In which the long 
side forms the outer peripheral cutting edge* Therefore, 
the cutting edges are arranged at the distal end as shown In 
Fig. 2 and have the following characteristics. 

(1) Since the distal end part of the outer peripheral 
cutting edge Including the distal end corner parts which are 
damaged most readily can be formed by two cutting edges, 
stable and hlgh-ef f Iclent cutting can be performed, compared 
with a distal end part formed by one cutting edge* 

(2) In a boring operation and the like using the end cutting 
edge, the end cutting edge has a concave angle 0 as It Is a 
parallelogram, and the cutting edge gradually strikes a 
workplece from the outer peripheral side, so that the end 
cutting edge has centrlclty, and stable cutting can be 
performed. Of course. If the end cutting edge Is fed In a 
lateral direction, since the end cutting edge has the 
concave angle 9, and the bottom surface can be worked Into a 
flat surface without the occurrence of chatter. 

(3) Since the second tip forming the end cutting edge 
extending to the center of the tool diameter Is an Inclined 
cutting edge In which the nose height Is lowered from the 
outer peripheral side toward the center of the tool, the tip 
seat may be worked according to the low nose height on the 
center side. Therefore, the rigidity of the tool body can 
be Increased without lowering the nose height on the outer 
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peripheral side at which cutting edges are damaged most 
severely. 

[0006] Secondly, by shifting a plurality of first tips In 
the axial direction and arranging the first tips subsequent 
to the outer peripheral cutting edges of the first tip and 
the second tip In Claim 1, that Is, by forming a throwaway 
end mill of a long cutting edge- type Including one second 
tip forming an end cutting edge extending to the center of 
the tool body and a plurality of first tips In which long 
sides form outer peripheral cutting edges, the length of the 
cutting edge can be elongated and a deeper cutting can be 
performed. In addition, the outer peripheral cutting edges 
are shifted In the axial direction, and the distal ends of 
the first tips In the axial direction are arranged on an 
Imaginary line having a twist angle of 10** to 30** , and the 
shifting amount X In the axial direction Is 2 to 5 mm. 
[0007] When the first tips, serving as the outer peripheral 
cutting edges, are arranged at an angle of less than 10** , a 
shock Is strong during biting and chatter Is likely occur. 
When arranged at an angle of 30** or larger, the amount of 
work of a tip pocket serving as a chip discharge groove Is 
Increased, and chatter Is also likely to occur due to the 
reduction In the rigidity of the tool body. In addition, 
the shifting amount X of the first tips In the axial 
direction Is a minimum thickness which Is necessary for 
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positioning and holding the first and second tips attached 
to the distal end of the tool in the axial direction, and 
the shifting amount X acts as a nick in a long cutting edge 
during a lateral feed cutting. The amount of 2 mm or 
smaller is not preferable from the viewpoint of the above 
positioning and the strength of holding. If 5 mm or larger, 
the shifting amount does not acts as a clearance meaning the 
nick for dividing the cutting edge, and the first tip is 
formed by a single cutting edge. Therefore, the shifting 
amount may be within the range of 2 mm to 5 mm. Furthermore, 
the first tip is an inclined cutting edge in which the nose 
height is lowered as viewed from the side face from the 
outer peripheral cutting edge-front end side at which the 
long side intersects the short side at an acute angle toward 
the outer peripheral cutting edge -rear end side at which the 
long side intersects the short side at an obtuse angle. 
[0008] In the tip having the fixed nose height, i.e., the 
fixed thickness, in order to form an axial concave angle 
(axial rake) of the tool body, the tip seat is inclined by 
the amount of the concave angle. However, if the outer 
peripheral cutting edge is an inclined cutting edge, it is 
not necessary to incline the tip seat of the tool body by 
the amount of the angle. Therefore, a backing metal of the 
tool body for receiving the tip increases in size, and the 
strength of the tool body can be increased even at the same 
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axial rake. Conversely, if the tip seat is inclined as in 
the conventional tool, the axial rake can be increased by 
the amount of the inclined cutting edge, so that a tool 
having excellent cutting ability can be obtained without 
reducing the strength of the tool body. 
[0009] 

[Embodiments] Figs. 3 to 6 show an embodiment of the 
present invention. Referring to the figures, a first tip 3 
and a second tip 4 serving as parallelogram positive tips 
are detachably attached by set screws in a tip seat having a 
tip pocket 5 at the distal end of a tool body 1 having a 
straight shank 2. Subsequent to the distal end first tip 
and outer peripheral cutting edges 6 and 7 of the second tip 
at the shifting amount X in the axial direction, one first 
tip is attached in a manner similar to the distal end tips 
on an imaginary line having a torsion angle of a" . 
Therefore, the end mill is an end mill with an end cutting 
edge of a long-cutting-edge type consisting of three first 
tips 3 and one second tip. The second tip 4 is a 
parallelogram which is in line symmetry with respect to the 
first tip 3, i.e., rotated in the opposite direction of the 
first tip 3, and is an inclined cutting edge in which a long 
side forms an end cutting edge 8 extending to the center of 
the tool diameter and a short side forms a outer peripheral 
cutting edge 7 , and the nose height is lowered from the end 
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cutting edge-outer peripheral side 9 toward the end cutting 
edge-central axis side 10 • Therefore, the tip seat of the 
tool body Is worked according to the nose height on the end 
cutting edge-central axis side 10 where the thickness of the 
tip Is small. 

[0010] In addition, the first tip 3 Is a parallelogram 
positive tip In which a long side forms an outer peripheral 
cutting edge 11, and a short side forms an end cutting edge 
12. In this embodiment, however, the first tip 3 Is an 
Inclined cutting edge having a preferable shape In which the 
nose height Is lowered from the outer peripheral cutting 
edge-front end side 13 at which the long side Intersects the 
short side at an acute angle toward the outer peripheral 
cutting edge -rear end side 14 at which the long side 
Intersects the short side at an obtuse angle. The section 
of the above shifting amount X In the axial direction Is cut 
by the outer peripheral cutting edge 4 of the opposite first 
tip. The shape of the inclined cutting edges in the first 
tip and the second tip may be a linear shape, a curved shape, 
or a combination thereof. In short, any shape will be 
adopted as long as it has variations in the nose height. 
[0011] Description will now be given of a cutting test. An 
end mill used in the test is a parallelogram in which the 
outer diameter D is 32 mm, the first tip 3 has long sides of 
15.875 mm, short sides of 9.525 mm, and vertical angles of 
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85' intersecting at an acute angle, and the first tip 3 has 
an inclination such that the nose height on the outer 
peripheral cutting edge-front end side is 4.76 mm, and the 
nose height on the outer peripheral cutting edge -rear end 
side is 4 mm. The second tip 4 is in line symmetry and 
rotated in the opposite direction with respect to the first 
tip, and has long sides of 16.5 mm, short sides of 9.525 mm, 
the same vertical angles of 85" intersecting at an acute 
angle as the firs tip, and a concave angle 9 of an end 
cutting edge when setting the tip is 5" . The shifting 
amount X of the first tip 3 in the axial direction is 3 mm, 
and the first tip 3 is arranged on an imaginary line having 
a twist angle of 20" . While an axial rake of the cutting 
edge during a tip test is 8" , a spot facing angle of a tool 
body is 4" because the first tip is the inclined cutting 
edge. 

[0012] A material to be cut S50C (220HB) was subjected to a 
cutting test using the above end mill at a cutting speed of 
120 m/min. In spite of a cutting width of 16 mm that is the 
half of the dieimeter of the cutting edge, and an axial depth 
of cut of 25 mm, stable cutting could be performed even at a 
feed rate of 0.25 mm per one cutting edge. 
[0013] 

[Advantages] By the application of the end mill of the 
present invention, the distal end part of the outer 
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peripheral cutting edge including distal end corner parts of 
the throwaway tip, which are damaged most readily, are 
formed by two cutting edges. Furthermore, by inclining the 
tip, the rigidity of the tool body is increased, and stable 
cutting can be performed. In addition, even in a boring 
operation or the like, since the cutting edge gradually 
strikes a workpiece from the outer peripheral side due to 
" the end cutting edge concave angle 9, stable cutting can be 
performed. 

[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 shows a schematic illustration for 
explaining the arrangement of cutting edges at the distal 
end of a tool in a conventional example. 
[Fig. 2] Fig. 2 shows a schematic illustration for 
explaining the arrangement of cutting edges at the distal 
end of a tool in an example of the present invention. 
[Fig. 3] Fig. 3 shows a front view of the example of the 
present invention. 

[Fig. 4] Fig. 4 shows a right side view of Fig. 3. 
[Fig. 5] Fig. 5 shows a left side view of Fig. 3. 
[Fig. 6] Fig. 6 shows a bottom view of Fig. 3. 
[Reference Numerals] 

1 tool body 

2 straight shank 

3 first tip 
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4 second tip 

5 tip pocket 

6 outer peripheral cutting edge of first tip 

7 outer peripheral cutting edge of second tip 

8 end cutting edge of second tip 

9 end cutting edge-outer peripheral side of second 
tip 

10 end cutting edge-central axis side of second tip 

11 long side of first tip (outer peripheral cutting 
edge) 

12 short side of first tip (end cutting edge) 

13 outer peripheral cutting edge-front end side 

14 outer peripheral cutting edge-rear end side 
X shifting amount 

a twist angle 
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(54) [Title of the Invention] MILLING CUTTER 

(57) [Abstract] 

[Object] To improve cutting accuracy and cutting efficiency 
in cutting of metal work materials. 

[Solving Means] Two types of nearly parallelogrammatic tips 
A and B each includes a cutting edge 10 composed of long 
cutting edges 10a, short cutting edges 10b, obtuse cutting 
edges 10c, and acute cutting edges lOd. The obtuse cutting 
edges 10c and the acute cutting edges lOd are formed at 
different symmetrical positions between the tips. The tips 
A and B are mounted in a cutter body in an inclined manner 
so that outer peripheral sides of cutting edges lOai and lOb^ 
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at the leading ends and cutting edges 10a and 10b at the 
rear ends thereof protrude in the axial direction. 
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[Claims] 

[Claim 1] A milling cutter comprising two types of tips 
shaped like a nearly parallelogrammatic plate, each having a 
cutting edge composed of a long cutting edge, a short 
cutting edge, an obtuse cutting edge, and an acute cutting 
edge, said obtuse cutting edges and said acute cutting edges 
being formed at different symmetrical positions between said 
tips, wherein outer peripheral cutting edges of said two 
types of tips are placed at an equal distance from the 
center of rotation of a cutter body, said acute cutting 
edges are formed at the leading ends in the axial direction 
of said outer peripheral cutting edges, said obtuse cutting 
edges are formed at the rear ends in the axial direction 
thereof, said obtuse cutting edges are formed at the leading 
ends in the axial direction of rotation-center cutting edges, 
said acute cutting edges are formed at the rear ends in the 
axial direction thereof, and said acute cutting edges at the 
leading ends and said obtuse cutting edges at the rear ends 
in the axial direction of said outer peripheral cutting 
edges of said tips protrude frontward in the axial direction 
from said obtuse cutting edges at the leading ends and said 
acute cutting edges at the rear ends in the axial direction 
of said rotation-center cutting edges. 

[Claim 2] A milling cutter comprising two types of tips 
shaped like a nearly parallelogrammatic plate, each having a 
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cutting edge composed of a long cutting edge, a short 
cutting edge, an obtuse cutting edge, and an acute cutting 
edge, said obtuse cutting edges and said acute cutting edges 
being formed at different symmetrical positions between said 
tips, wherein outer peripheral cutting edges of said two 
types of tips are placed at an equal distance from the 
center of rotation of a cutter body, said acute cutting 
edges are formed at the leading ends in the axial direction 
of said outer peripheral cutting edges, said obtuse cutting 
edges are formed at the rear ends in the axial direction 
thereof, said obtuse cutting edges are formed at the leading 
ends in the axial direction of rotation-center cutting edges, 
said acute cutting edges are formed at the rear ends in the 
axial direction thereof, and said acute cutting edges at the 
leading ends and said obtuse cutting edges at the rear ends 
in the axial direction of said outer peripheral cutting 
edges of said tips protrude in the axial direction by the 
same amount as that of said obtuse cutting edges at the 
leading ends and said acute cutting edges at the rear ends 
in the axial direction of said rotation-center cutting edges. 
[Claim 3] A milling cutter according to Claim 1 or 2 , 
wherein besides said two types of tips, a third tip of the 
scime shape as that of said tips is placed on the rear side 
of said tips so that its outer peripheral cutting edge is 
disposed at the same distance as those of said tips from the 
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center of rotation of said cutter body. 

[Claim 4] A milling cutter according to Claim 1 or 2, 

wherein a leading- end cutting edge (end cutting edge) of at 

least one of said tips is corrugated. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] The present invention 
relates to a throwaway milling cutter for use in cutting 
metal work materials and the like, 

[0002] 

[Description of the Related Arts] VThile a general type of 
milling cutter is designed to perform cutting in the 
direction perpendicular to the axis of an endmill, that is, 
cross-feed cutting, it is sometimes required to perform not 
only cross -feed cutting, but also axial cutting, that is, 
drilling, or oblique cutting in which cross -feed cutting and 
axial cutting are performed synchronously, that is, 
engraving . 

[0003] However, cutting edges of the general milling cutter 
are laid out for cross feeding, but not for axial feeding. 
For this reason, continuous axial cutting is impossible. 
[0004] In order to solve this problem, milling cutters, 
which are capable of both cross feeding and axial feeding, 
have been recently commercialized or proposed. Figs. 19(1) 
to 19( ) exhaustively show such conventional milling cutters 
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found by the applicant . 

[0005] In these conventional arts, at least a pair of tips 
are placed on both sides of the center of rotation, and 
leading-end cutting edges are formed at the entire bottom of 
a cutter body in the radial direction. 

[0006] Among the conventional arts shown in Figs. 19(a) to 
19( ), the arts (2), (5), (6), (8), and ( ) employ two types 
of right and left tips having different shapes, and are 
designed with particular emphasis on performance in axial 
feeding. In the arts (2), (5), (6), and (8), only a single 
cutting edge for cross feeding is disposed at the corner 
portion, and this decreases the strength of the corner 
portion which bears the heaviest load. Since the right and 
left regularly rhombic tips are adopted in ( ) , the range of 
application thereof to different working diameters is 
limited. When the cutter diameter (cutting diameter) 
changes, the sizes of all the tips must be changed. This 
reduces compatibility • 

[0007] The other arts shown in (1), (3), (4), (7), (9), and 
( ) are designed to use right and left tips of the same 
shape, which is different from the above arts. For this 
reason, these conventional arts are more convenient than the 
above arts in terms of tool management at a use site. In 
the arts shown in (1), (3), (4), (7), and (9), however, a 
single cutting edge is used for cross feeding, and 
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performance in cross feeding is degraded. 

[0008] In ( ) , only a single cutting edge for cross feeding 
is disposed at the corner portion, and this decreases the 
strength of the corner portion which bears the heaviest load. 
Furthermore, since a large rake angle (axial rake angle) in 
the axial direction cannot be formed in the tip serving as a 
cutting edge in the axial direction, cutting resistance is 
increased and cutting performance is degraded. 
[0009] Since the conventional art shown in ( ) most closely 
resembles the present invention, it will be described in 
detail as a comparative example in the following description 
of the present invention. 
[0010] 

[Problems to be Solved by the Invention] In view of the 
above -described problems, an object of the present invention 
is to solve the problems in the above -described conventional 
arts, that is, to allow axial cutting to be performed 
without deteriorating performance in cross -feed cutting and 
to maximize the rake angle of a tip. 
[0011] 

[Means for Solving the Problems] In order to overcome the 
above problems, an invention as claimed in Claim 1 includes 
two types of tips A and B shaped like a nearly 
parallelogrammatic plate, each having a cutting edge 10 
composed of long cutting edges 10a, short cutting edges 10b, 
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obtuse cutting edges 10c, and acute cutting edges lOd, the 
obtuse cutting edges 10c and the acute cutting edges lOd 
being formed at different symmetrical positions between the 
tips A and B, wherein outer peripheral cutting edges lObj and 
10a2 of the two types of tips A and B are placed at equal 
distances Rl and R2 from the center of rotation O of a 
cutter body 1, the acute cutting edges lOd and lOd are 
formed at the leading ends in the axial direction of the 
outer peripheral cutting edges lObz and IOslz' "tbe obtuse 
cutting edges 10c and 10c are formed at the rear ends in the 
axial direction thereof, the obtuse cutting edges 10c and 
10c are formed at the leading ends in the axial direction of 
rotation-center cutting edges lObg and lOag, the acute 
cutting edges lOd and lOd are formed at the rear ends in the 
axial direction thereof, and the acute cutting edges lOd and 
lOd at the leading ends and the obtuse cutting edges 10c and 
10c at the rear ends in the axial direction of the outer 
peripheral cutting edges lObz and lOa^ of the tips protrude 
frontward in the axial direction from the obtuse cutting 
edges 10c and 10c at the leading ends and the acute cutting 
edges lOd and lOd at the rear ends in the axial direction of 
the rotation-center cutting edges lObg and lOag, 
[0012] An invention as claimed in Claim 2 includes two 
types of tips A and B shaped like a nearly 
parallelogrammatic plate, each having a cutting edge 10 
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composed of long cutting edges 10a, short cutting edges 10b, 
obtuse cutting edges 10c, and acute cutting edges lOd, the 
obtuse cutting edges 10c and the acute cutting edges lOd 
being formed at different symmetrical positions between the 
tips A and B, wherein outer peripheral cutting edges lObz and 
10a2 of the two types of tips A and B are placed at equal 
distances Rl and R2 from the center of rotation O of a 
cutter body 1, the acute cutting edges lOd and lOd are 
foiled at the leading ends in the axial direction of the 
outer peripheral cutting edges lOba and lOaj, the obtuse 
cutting edges 10c and lOc are formed at the rear ends in the 
axial direction thereof, the obtuse cutting edges 10c and 
10c are formed at the leading ends in the axial direction of 
rotation-center cutting edges lOh^ and lOag, the acute 
cutting edges lOd and lOd are formed at the rear ends in the 
axial direction thereof, and the acute cutting edges lOd and 
lOd at the leading ends and the obtuse cutting edges 10c and 
10c at the rear ends in the axial direction of the outer 
peripheral cutting edges lObj and lOaj of the tips protrude 
in the axial direction by the same amount as that of the 
obtuse cutting edges 10c and 10c at the leading ends and the 
acute cutting edges lOd and lOd at the rear ends in the 
axial direction of the rotation-center cutting edges lObj and 
10a3. 

[0013] In an invention as claimed in Claim 3, according to 
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the invention as claimed in Claim 1 or 2, besides the two 
types of tips A and B, a third tip C of the same shape as 
that of the tips A and B is placed on the rear side of the 
tips A and B so that its outer peripheral cutting edge 10a 
is disposed at the same distance <|)3 as those of the tips 
from the center of rotation O of the cutter body 1. 
[0014] In an invention as claimed in Claim 4, according to 
the invention as claimed in Claim 1 or 2 , a leading-end 
cutting edge lOa^ (end cutting edge) of at least one of the 
tips A and B is corrugated. 
[0015] 

[Embodiments] Figs, la and lb show two types of tips A and 
B, respectively, according to an embodiment of the present 
invention. Each of the tips A and B is formed of a positive 
thiclc piece shaped lilce an inverted quadrangular truncated 
pyramid, that is, a nearly parallelogrammatic plate, in 
which flanlcs 12 form a required clearance angle with a 
rake face 11, and the four peripheral ridges at the 
intersections of the flanlcs 12 and the rake face 11 
constitute a cutting edge 10. More accurately, a positive 
cutting edge 10 having the clearance angle is formed. 
The cutting edge 10 is composed of a pair of opposing long 
cutting edges 10a and 10a, a pair of short cutting edges 10b 
and 10b, a pair of obtuse cutting edges 10c and 10c at the 
corners where an obtuse angle is formed between the long 
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cutting edge 10a and the short cutting edge 10b, and a pair 
of acute cutting edges lOd and lOd at the corners where an 
acute angle is similarly formed between the long cutting 
edge lOa and the short cutting edge 10b. The tips A and B 
have the same shape in this respect. 

[0016] A difference in structure between the tips A and B, 
which is a characteristic of the present invention, is that, 
as is evident from Figs. 1(a) and 1(b), the obtuse angles 0.2 
and the acute angles at the four corners of the rake face 
11 are formed at symmetrical positions, and therefore, the 
pair of obtuse cutting edges 10c and 10c and the pair of 
acute cutting edges lOd and lOd are formed at symmetrically 
different positions. That is, the tip A and the tip B are 
different in shape in that the obtuse cutting edges lOc and 
lOc and the acute cutting edges lOd and lOd formed at both 
ends of the long cutting edges 10a and 10a and the short 
cutting edges 10b and 10b are formed at laterally opposite 
positions. While the obtuse or acute cutting edge 10c or 
lOd in the present invention principally refers to the 
cutting edge in the pointed dihedral- angle portion (corner 
portion), it is interpreted to also include the adjacent 
portions of both ends of the long and short cutting edges 
10a and 10b. Reference numeral 13 in the figures denotes a 
clamp hole. 

[0017] As shown in Fig. 2, one of the tips A is mounted by 
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a clamp screw 14 in a tip seat 3 at the leading end of a 
cutter body 1 on the right side in the figure. In this case, 
the tip A is mounted so that the front and rear long cutting 
edges 10a and 10a extend across the center of rotation O 
nearly along the radial direction (Fig. 5) and the right and 
left short cutting edges 10b and 10b in the radial direction 
precisely extend along the axial direction. That is, the 
tip A is placed so that a distance Rl from the center of 
rotation O of the cutter body 1 to the short cutting edge 
10b on the outer peripheral side corresponds to the cutting 
radius. Therefore, the short cutting edge 10b forms an 
outer peripheral cutting edge lObj. The acute cutting edge 
lOd is formed at the leading end in the axial direction of 
the outer peripheral cutting edge lObj, and the obtuse^ 
cutting edge 10c is formed at the rear end in the axial 
direction thereof. The obtuse cutting edge 10c is formed at 
the leading end in the axial direction of a rotation-center 
cutting edge lOba, and the acute cutting edge lOd is formed 
at the rear end in the axial direction thereof. Therefore, 
the acute cutting edge lOd at the leading end and the obtuse 
cutting edge 10c at the rear end in the axial direction of 
the outer peripheral cutting edge lObj of the tip A protrude 
frontward in the axial direction by an amount equivalent to 
or greater than that of the obtuse cutting edge 10c at the 
leading end and the acute cutting edge lOd at the rear end 
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in the axial direction of the rotation-center cutting edge 
lObj. Therefore, the cutting edge at the leading end, of the 
long cutting edges 10a and 10a arranged in the radial 
direction, forms a leading-end cutting edge lOai. The 
leading-end cutting edge lOa^ is placed perpendicular to the 
axis or is inclined from its center side, that is, the 
center of rotation O, toward its outer periphery so as to 
gradually protrude frontward in the axial direction. The 
outer peripheral acute cutting edge lOd connected thereto 
most protrudes frontward in the axial direction. The 
leading-end cutting edge lOa^ extending leftward across the 
center of rotation O retreats, and the rotation-center 
obtuse cutting edge 10c connected thereto most retreats in 
the axial direction. The long cutting edge 10a on the rear 
side is also placed in parallel with the normal to the axis , 
or is inclined from the center of rotation O toward its 
outer periphery so as to protrude frontward in the axial 
direction . 

[0018] The other tip B is , as is similarly shown in Fig. 2, 
mounted by a clamp screw in a tip seat 3 at the leading end 
of the cutter body 1 on the left side in the figure so as to 
face the same rotating direction as that of the tip A, that 
is, the cutting direction. In this case, the tip B is 
mounted so that the right and left long cutting edges 10a 
and 10a precisely extend along the axial direction and the 
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front and rear short cutting edges 10b and 10b extend nearly 
along the radial direction. That is, the tip B is placed so 
that a distance R2 from the center of rotation O of the 
cutter body 1 and the long cutting edge 10a on the outer 
peripheral side is equal to the distance Rl of the tip A 
corresponding to the cutting radius. Therefore, the long 
cutting edge 10a forms an outer peripheral cutting edge lOaj. 
The acute cutting edge lOd is formed at the leading end in 
the axial direction of the outer peripheral cutting edge 10a2, 
and the obtuse cutting edge 10c is formed at the rear end in 
the axial direction thereof. The obtuse cutting edge 10c is 
formed at the leading end in the axial direction of a 
rotation- center cutting edge lOaa, and the acute cutting edge 
lOd is formed at the rear end in the axial direction thereof. 
Therefore, the acute cutting edge lOd at the leading end and 
the obtuse cutting edge 10c at the rear end in the axial 
direction of the outer peripheral cutting edge lOaj of the 
tip B protrude in the axial direction by an amount 
equivalent to that of the obtuse cutting edge 10c at the 
leading end and the acute cutting edge lOd at the rear end 
in the axial direction of the rotation-center cutting edge 
Oag, or further protrude frontward therefrom. Therefore, the 
cutting edge at the leading end, of the short cutting edges 
lOb and 10b arranged in the radial direction, forms a 
leading-end cutting edge lOb^. The leading-end cutting edge 
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lObi is placed in parallel with the normal to the axis, or is 
inclined from its center side, that is, the center of 
rotation O, toward its outer periphery so as to gradually 
protrude frontward in the axial direction. The outer 
peripheral acute cutting edge lOd connected thereto most 
protrudes frontward in the axial direction, and the 
rotation-center obtuse cutting edge 10c connected thereto 
most retreats in the axial direction. The short cutting 
edge 10b on the rear side is also disposed in parallel with 
the normal to the axis, or is inclined from the center of 
rotation O toward the outer periphery so as to protrude 
frontward in the axial direction. 

[0019] Accordingly, the nearly concave leading-end cutting 
edges lOa^ and lOb^ are formed in the entire cutter body 1 in 
the radial direction by the tips A and B. For this reason, 
the outer peripheral acute cutting edges lOd and lOd of both 
the tips A and B are identical in amount of frontward 
protrusion in the axial direction, the leading-end cutting 
edges lOa^ and lOb^ are identical in tilting angle from the 
center toward the outer periphery, and the entire leading- 
end cutting edges are identical in amount of protrusion in 
the axial direction. Therefore, the leading-end cutting 
edges lOa^ and lOb^ (including the right and left acute and 
obtuse cutting edges 10c and lOd) equivalently perform 
cutting operation in axial cutting such as drilling. This 
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makes It possible to reduce wear on the cutting edges and to 
improve cutting efficiency. Alternatively, in a case in 
which the leading-end cutting edges lOa^ and lOb^ of the tips 
A and B are formed at right angles to the axis, they are 
flush with each other in the entire cutter body 1 in the 
radial direction. In such a case in which the leading-end 
cutting .edges lOai and lOb^ of the tips A and B are disposed 
at right angles to the axis and are flush with each other in 
the entire cutter body 1, faces to be cut with the leading- 
end cutting edges lOa^ and lOb^ can be made flush with each 
other and smooth. 

[0020] Since the cutting radii Rl and R2 of the tips A and 
B from the center of rotation O to the outer peripheral 
cutting edges lOdj and IOgl^ are equal, of course, cutting 
performance of cross cutting will not be degraded. 
[0021] As is similarly shown in Fig. 2, a third tip C is 
similarly mounted by a clamp screw 14 in a tip seat 3, which 
is disposed behind the tip A, in the same chip pocket 2 
where the tip A is disposed at the leading end of the cutter 
body 1 . The third tip C has the same shape as that of the 
above -described two types of tips, for example, the tip B. 
A distance R3 from an outer peripheral cutting edge 10a 
thereof to the center of rotation O is equivalent to the 
distances Rl and R2 corresponding to the cutting radii of 
the two types of tips A and B. 



- 17 - 



[0022] Accordingly, the length of cut Is increased in 
cross -feed surface cutting, such as milling, and efficient 
cutting operation is possible. 

[00231 The tips A, B, and C are, of course, mounted in the 
tip seats 3 in the cutter body 1 so as to form required 
axial rake angles 91 and 62, as shown in Fig. 3 or 4. For 
example, a method illustrated in Figs. 6 to 9 may be adopted 
to determine the position of the tip seat 3 when mounting 
the tip A in the cutter body 1, that is, the mounting 
position of the tip A in the cutter body 1. 
[0024] First, as shown in Fig. 6, the outer peripheral 
acute cutting edge lOd of the tip A is placed at a point A 
on a circumference (P) protruding frontward in the axial 
direction from a leading edge la (Fig. 2) of the cutter body 
1 and corresponding to the cutting locus, the leading-end 
cutting edge lOa^ is placed on a cutting edge diameter line 
(r), and the upper surface of the tip A, that is, the rake 
face 11 surrounded by A, B, and C, is placed on a plane in 
parallel with the axis O of the cutter body 1. 
[0025] Subsequently, as shown in Fig. 7, the tip A is 
turned by an angle 63 on the point A on the plane where the 
rake face 11 is in parallel with the axis O of the cutter 
body 1. The tilting angle of the leading-end cutting edge 
lOa^ is, of course, thereby set at 83. 

[0026] Finally, as shown in Fig. 8, the tip A is turned 
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down a required angle (01) on the leading-end cutting edge 
lOa^, that is, AB in the figure, until D contacts the 
circumference P. Thereby, the outer peripheral cutting edge 
lOb^ is placed on the circumference P corresponding to the 
cutting radius r. 63 corresponds to the tilting angle of 
the leading -end cutting edge lOa^, 01 corresponds to the 
axial rake angle of the rake face 11, 04 corresponds to the 
clearance angle of the outer peripheral cutting edge 10b, 
and 05 corresponds to the clearance angle of the leading-end 
cutting edge lOai, 

[0027] One characteristic of the present invention is that 
the obtuse cutting edges 10c and 10c at the rear ends in the 
axial direction of the outer peripheral cutting edges 10b2 
and lOaj of the tips A and B are disposed at the positions 
equivalent to those of the acute angles lOd and lOd at the 
rear ends in the axial direction of the rotation-center 
cutting edges lObj and lOaj, or further protrude frontward 
therefrom, and that the long cutting edge lOa and the short 
cutting edge 10b on the rear sides of the tips A and B are 
disposed at equivalent positions or are inclined frontward 
from the center of rotation toward the outer periphery. 
[0028] For this reason, as described above, when the axial 
rake angle 01 of the rake face 11 is formed by shifting the 
tip A, for example, from the state shown in Fig, 6 to the 
state shown in Fig. 8, or from the state shown in Fig. 7 to 



the state shown in Fig. 8, it is possible to maximize the 
axial rake angle 91 while maintaining the outer peripheral 
cutting edge lObj in parallel with the rotation axis O, and 
to thereby improve cutting efficiency. 

[0029] The present invention will be contrasted with a 
mounted state of a tip in a cutter body shown in Figs. 13 to 
15 in the conventional art shown in Fig. 19 ( ) which most 
closely resembles the present invention. In ( ) , when a tip 
Q is shifted on the same cutting radius line from a state 
shown in Fig. 13, that is, a state in which an outer 
peripheral cutting edge AD is in parallel with the rotation 
axis O, in order to form an axial rake angle 9b of a rake 
face 11, a point A must be displaced to be considerably 
higher than a point B and a point D must be lowered by the 
same amount. For this reason, the tilting angle 9a of a 
leading-end cutting edge AB further increases, and it is 
quite difficult to balance cutting force. This makes it 
difficult to ensure a substantially large axial rake angle 
9b. 

[0030] That is, the axial rake angle 91 in the present 
invention is greater than the axial rake angle 9b in the 
conventional art. In the present invention, it is possible 
to ensure a far greater axial rake angle than that in the 
conventional art, and this increases cutting force. 
[0031] For this reason, the axial rake angle can be further 
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increased by providing the tip itself with a chip breaker. 
[0032] Another characteristic of the present invention is 
that the acute cutting edge lOd at the leading end in the 
axial direction of the outer peripheral cutting edge lObj of 
the tip A protrudes by an amount equivalent to that of the 
obtuse cutting edge lOc at the leading end in the axial 
direction of the rotation-center cutting edge lOba, or 
protrudes more frontward therefrom, that the leading -end 
cutting edge lOa^ serving as the long cutting edge at the 
leading end is disposed perpendicular to the axis so as to 
protrude by a constant amount from the center side, that is, 
the center of rotation O, toward the right outer periphery, 
or is inclined so as to gradually protrude frontward in the 
axial direction, that the leading-end cutting edge lOa^ on 
the opposite side extending leftward across the center of 
rotation O retreats by a constant amount or retreats more, 
and that the rotation-center obtuse cutting edge 10c 
connected thereto retreats by a constant amount or most 
retreats rearward in the axial direction. 

[0033] The left part, which extends beyond the center of 
rotation O, of the leading-end cutting edge lOa^ serving as 
the long cutting edge does not, of course, serve a cutting 
function. In this case, since such a cutting portion, which 
does not serve a cutting function, is disposed at a position 
equivalent to that of the portion of the cutting edge at the 
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center of rotation O or retreats rearward therefrom in the 
axial direction, it will not interfere with a work material 
and will not have any influence on cutting force. Moreover, 
since the cutting edge portion at the center of rotation O 
is not placed at the corner, or since it is obtuse even when 
it is placed at the corner, the strength of the cutting edge 
portion at the center of rotation will not be decreased. 
[0034] Furthermore, since only the left portion, which 
extends beyond the center of rotation O, of the leading-end 
cutting edge lOa^ serving as the long cutting edge can be 
extended rightward from the center of rotation O in the 
radial direction so as to be used as a cutting edge, it can 
be mounted in the cutter body so as to satisfactorily cope 
with an increase in cutter diameter (cutting diameter) . 
This provides superior compatibility. 

[0035] The present invention will be contrasted with a 
mounted state of a tip Q in a cutter body illustrated in 
Figs. 16 to 18 in the conventional art shown in Fig. 19( ). 
As shown in Fig. 16, an acute cutting edge B on the side of 
the center of rotation O, of a leading-end cutting edge AB, 
most protrudes frontward in the axial direction, and an 
obtuse cutting edge A of an outer peripheral cutting edge AD 
most retreats in the axial direction. Therefore > the^ 
leading-end cutting edge AB is inclined from the outer 
periphery toward the center of rotation so as to protrude 
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frontward in the axial direction. 

[0036] For this reason, when cutting In the axial direction 
Is performed with the tip Q, the cutting edge B on the side 
of the center of rotation O Is the first to Interfere with a 
work material. The cutting edge B should serve a cutting 
function. Therefore, a portion of the cutting edge B on the 
side of the center of rotation O disposed on the left side 
of the Intersection can be shaped only like a rounded nose 
edge, as shown In Fig. 17. Since the corner cutting edge A 
Is placed at the center of rotation O, cutting strength Is 
decreased. If the leading-end cutting edge AB extends 
leftward so that the point A Is on the left side of the 
center of rotation O, as shown In Fig. 18, It cannot serve a 
cutting function. Since the leading-end cutting edge AB 
cannot extends across the center of rotation O, the cutter 
diameter (cutting diameter) Is limited to the size of the 
leading-end cutting edge AB, that Is, of a tip for an end 
cutting edge, and the same tip Is not applicable to cutting 
bodies having different cutting diameters . This reduces 
compatibility. 

[0037] As In an embodiment shown In Fig. 11, better balance 
Is ensured In cutting and cutting accuracy Is Improved by 
corrugating a leading-end cutting edge lOa^. Fig. 10 is a 
view explaining the cutting force to be applied to a work 
material W during cutting in the embodiment shown in Fig. 2. 
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In this case, a leading-end cutting edge lOa^ of a right tip 
A serves as a long cutting edge 10a and a leading-end 
cutting edge lObi of the left tip B serves as a short cutting 
edge 10b. Therefore, a cutting force to be applied to the 
tip A Is represented by Fl + F2. In contrast, a cutting 
force to be applied to the tip B Is represented by F3 . If 
Fl Is equal to F3, the force F2 may. be unbalanced. 
Furthermore, as shown in the figure, the width of a chip Wa 
of the work material W made during cross -feed cutting after 
axia:l cutting may be increased, and packing, twisting, and 
the like of chips may adversely affect cutting force. 
[0038] In contrast, when the leading-end cutting edge lOa^ 
is corrugated, as shown in Fig. 11, assuming that components 
of cutting force shown in the figure are applied in the 
directions Fl to F4, a component of force applied toward the 
outer periphery is represented by Fl + F3 and a component of 
force applied toward the center of rotation is represented 
by F2 + (F5 x 2). Consequently, the component of force 
toward the outer periphery is equal to the component of 
force toward the center of rotation. This makes it possible 
to obtain well-balanced cutting force and to Improve cutting 
accuracy . 

[0039] " Moreover , as shown in Fig. 12, since the leading-end 
cutting edge lOa^ is corrugated, it functions as a so-called 
chip separator so as to segment a chip Wl during cross-feed 
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cutting after axial cutting. Therefore, packing and 
twisting of chips are reduced, and, of course, cutting 
efficiency Is Improved. 

[0040] While the leading-end cutting edge lOai is Inclined 
so that its outer peripheral side protrudies frontward in the 
axial direction and its side close to the center of rotation 
O retreats in the embodiment shown in Figs. 10 and 11, the 
present invention is, of course, not limited to the above 
embodiment. The leading-end cutting edge lOa^ may be at 
right angles to the axis , that is , may protrude by a 
constant amount from the outer periphery toward the center 
of rotation. In the latter case, when the leading-end 
cutting edge lOa^ is straight, as shown in Fig. 10, a cut 
surface can be made flat and smooth without being subjected 
to finishing. When the leading-end cutting edge lOa^ is 
corrugated, as shown in Fig. 11, although a cut surface is 
also slightly uneven, the degree, at which the cut surface 
is finished, is relatively lower than that in the above - 
described inclined leading-end cutting edge lOa^, and the cut 
surface can be easily made smooth. 
[0041] 

[Advantages] According to the invention as claimed in Claim 
1, it is possible to properly perform axial cutting or 
oblique cutting without degrading performance of cross-feed 
cutting such as milling. That is, the outer peripheral 



acute cutting edges of a pair of tips placed on the right 
and left sides of the center of rotation of the cutter body 
are identical in amount of frontward protrusion in the axial 
direction, and the leading-end cutting edges thereof are 
identical in tilting angle from the center side toward the 
outer periphery, and in amount of protrusion in the axial 
direction over the entire regions. Therefore, the leading- 
end cutting edges (including the right and left acute and 
obtuse cutting edges) serve equivalent cutting functions 
during axial cutting, such as drilling. This makes it 
possible to reduce wear of the cutting edges and to improve 
cutting efficiency. 

[0042] According to this invention, since one of the tips 
disposed on both sides of the center of rotation of the 
cutter body forms a leading-end cutting edge (end cutting 
edge) by its long cutting edge and extends across the center 
of rotation so as to be tilted reairward in the axial 
direction, it is possible to increase the range of 
application to cutter bodies having different cutter 
diameters (cutting diameters) and to thereby provide 
superior compatibility. 

[0043] Furthermore, according to this invention, it is 
possible to ensure a great tilting angle in the axial 
direction of the tip itself with respect to the cutter body, 
that is, a great raJce angle (axial rake angle) and to 



increase cutting force. In particular, a greater axial rake 
angle can be obtained by providing the tip itself with a 
chip breaker. 

[0044] Since the center of the cutter body is recessed 
below the corner outer periphery, the strength of the 
rotation-center cutting edge can be increased. 
[0045] According to the invention as claimed in Claim 2, 
the advantages of the invention as claimed in Claim 1 can 
also be expected. Moreover, since the leading-end cutting 
edges of a pair of tips placed on both sides of the center 
of rotation of a cutter body are flush with each other, 
surfaces to be cut with the cutting edges are also flush 
with each other and smooth. This eliminates or reduces the 
necessity for finishing. 

[0046] According to the invention as claimed in Claim 3, 
the length of cut is increased in cross -feed surface cutting, 
and efficient cutting operation is possible. 

[0047] According to the invention as claimed in Claim 4, by 
corrugating the leading-end cutting edge (end cutting edge) 
of at least one of the tips, well-balanced cutting force can 
be obtained and packing and twisting of chips are reduced. 
This can improve cutting accuracy and cutting efficiency. 
[Brief "Description of the Drawing] 

[Fig. 1] Figs. 1(a) and 1(b) are perspective views, 
respectively, of tips A and B serving as the principal parts 
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of an embodiment of the present invention. 

[Fig. 2] Fig. 2 is a front view of the embodiment of the 

present invention. 

[Fig. 3] Fig. 3 is a right side view of the embodiment. 
[Fig. 4] Fig. 4 is a left side view of the embodiment. 
[Fig. 5] Fig. 5 is a bottom view of the embodiment. 
[Fig. 6] Fig. 6 is a view explaining a first step in a 
method for mounting the tip, serving as the principal part 
of the embodiment of the present invention, in a cutter body. 
[Fig. 71 Fig. 7 is a view explaining a second step. 
[Fig. 8] Fig. 8 is a view explaining a third step. 
[Fig. 9] Fig. 9 is a plan view explaining the step. 
[Fig. 10] Fig. 10 is a view explaining operation during 
cutting. 

[Fig. 11] Fig. 11 is a view showing the principal part of 
another embodiment of the present invention. 
[Fig. 12] Fig. 12 is a view explaining operation in the 
embodiment . 

[Fig. 13] Fig. 13 is a view showing an example of mounting 

of a tip in a cutter body in a conventional art. 

[Fig. 14] Fig. 14 is a view showing a second example of 

mounting. 

[Fig. 15] Fig. 15 is a plan view showing the example. 
[Fig. 16] Fig. 16 is a view showing a mounted state of the 
tip in the conventional art. 
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[Fig. 17] Fig. 17 is an enlarged view of the principal part 
[Fig. 18] Fig. 18 is an enlarged view of the principal part 
[Fig. 19] Fig. 19(1) to 19 ( ) exhaustively show 
conventional milling cutters. 
[Reference Numerals] 
A: tip 
B: tip 
C: tip 

10: cutting edge 

10b: cutting edge 

10a: long cutting edge 

10b: short cutting edge 

10c: obtuse cutting edge 

lOd: acute cutting edge 

lOa^: leading-end cutting edge 

lOb^: leading-end cutting edge 

lOaj: outer peripheral cutting edge 

lObj: outer peripheral cutting edge 

1033: rotation-center cutting edge 

lOba: rotation-center cutting edge 

11: rake face 

12: flanlc 



